Purpose: To investigate whether preoperative chemoradiotherapy (PCRT) followed by local excision (LE) is feasible approach in clinical T2N0 rectal cancer patients. Materials and Methods: Patients who received PCRT and LE because of clinical T2 rectal cancer within 7 cm from anal verge between January 2006 and June 2014 were retrospectively analyzed. LE was performed in case of a good clinical response after PCRT. Patients' characteristics, treatment record, tumor recurrence, and treatment-related complications were reviewed at a median follow-up of 49 months. Results: All patients received transanal excision or transanal minimally invasive surgery. Of 34 patients, 19 patients (55.9%) presented pathologic complete response (pCR). The 3-year local recurrence-free survival and disease free-survival were 100.0% and 97.1%, respectively. There was no recurrence among the patients with pCR. Except for 1 case of grade 4 enterovesical fistula, all other late complications were mild and self-limiting. Conclusion: PCRT followed by an LE might be feasible as an alternative to total mesorectal excision in good responders with clinical T2N0 distal rectal cancer.
Introduction
Total mesorectal excision (TME) is now a mainstay of treatment for localized rectal cancer. However, TME involves the risk of significant complications such as perioperative morbidity, permanent stoma, and impairment of defecation, as well as impaired urinary and sexual functions [1, 2] . Thus, a local excision (LE) such as a transanal excision (TAE) and transanal endoscopic microsurgery is on the rise as the alternative to TME in rectal cancer to avoid these complications.
However, LE alone is recommended only in clinical T1N0 rectal cancer without high-risk features, such as poorly differentiated histology, lymphovascular invasion, and perineural invasion [3, 4] . The oncologic outcome of LE in more advanced rectal cancer is known to be inferior to that of TME [5, 6] .
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In locally advanced rectal cancer, preoperative chemoradiotherapy (PCRT) have been proven to decrease the local recurrence, improve the survival, and is now widely used as a standard treatment [7] [8] [9] . Additionally, considerable patients experience downstaging following PCRT. Several studies have reported that approximately 20% patients had a complete response (CR) to PCRT, and these patients had a favorable oncologic outcome [10] [11] [12] .
These results aroused interest in using LE instead of TME in the patients who have a good response to PCRT. Recently, several retrospective and prospective single-arm trials reported similar local control and survival of LE to TME [13] [14] [15] [16] [17] . However, the evidence of LE is still limited and there is a concern about possible incomplete oncologic treatment to use LE in all good responders to PCRT [18] . Further investigation is needed to demonstrate the oncologic safety of LE, and to find the appropriate candidate to the treatment.
Therefore, we analyzed data from our institution to investigate whether clinical T2N0 rectal cancer patients is appropriate candidate to PCRT and LE.
Materials and Methods

Patients
We retrospectively reviewed rectal cancer patients who received PCRT and full-thickness LE for curative intent between January 2006 and June 2014. All patients were required to meet the following criteria for the entry into the study: 1) pathologically confirmed cT2 rectal cancer in transanal ultrasonography (TUS) and/or magnetic resonance imaging (MRI); 2) no evidence of regional lymph node or distant metastasis; 3) middle to distal rectal cancer within 7 cm from the anal verge; and 4) good clinical response to PCRT (CR or near CR). Of the 91 patients who received PCRT and LE, 34 patients were suitable to inclusion criteria.
The pretreatment evaluation included the history, physical examination, complete blood counts (CBC), biochemical profiles, serum carcinoembryonic antigen (CEA) levels, a colonoscopy with biopsy, pelvic MRI, chest computed tomography (CT), TUS, and 18 F-fluorodeoxyglucose positron emission tomography-CT.
Treatments
A median 50.0 Gy (range, 43.2 to 51.0 Gy) of preoperative radiotherapy was administered to all patients in 1.8-2.0-Gy daily fractions. The most common dose scheme was 44.0 Gy to the entire pelvis, followed by a 6.0-Gy boost to the primary tumor in a 2.0-Gy daily fraction. Radiotherapy was delivered through three fields (posterior to anterior and two laterals) using the megavoltage beam (6 or 15 MV) from a linear accelerator (Varian Medical systems, Palo Alto, CA, USA). The clinical target volume encompassed the primary tumor, perirectal adipose tissue, internal iliac, and presacral nodes. The superior border of CTV was the bottom of L5 spine and the inferior border was 2 cm distal to the tumor. PTV was 7 mm expansion of CTV in radial margins and 10 mm expansion of CTV longitudinally. All patients received concurrent chemotherapy during radiotherapy. The chemotherapy regimen was oral capecitabine (825 mg/m 2 ) administered twice daily during radiotherapy or two cycles of a 5-FU (375 mg/m 2 /day, for 3 days) bolus with leucovorin during the first and fifth week of radiotherapy. All patient underwent LE after median 7 weeks (range, 6 to 12 weeks) following the end of preoperative treatment. Conventional TAE or transanal minimally invasive surgery (TAMIS) technique were used. TAMIS used standard laparoscopic instruments for TAE, through a single laparoscopic surgery port introduced into the anal canal. The remaining primary lesion and scar tissue were excised with at least a 1 cm margin and full depth of the rectal wall. Before surgery, TUS and MRI were performed in all but one of the patients to assess a clinical treatment response. We graded the tumor as good clinical response (CR or near CR) when echoic abnormal lesion in TUS or residual mass in MRI was not visible, or when only small residual lesion is visible with uncertain tumor viability. LE was performed in patients who were medically unfit for radical surgery, who refused radical surgery, or who were in case of a good clinical response after PCRT. The operation method of the patients with good clinical response was determined under sufficient information about the advantages and disadvantages of LE. Adjuvant chemotherapy was performed in most of the patients (21/34, 61.8%) according to the pathological stage and general medical condition of each patient. The most common regimen was six cycles of a 5-FU (375 mg/m 2 /day, for 5 days) bolus with leucovorin.
Evaluation and follow-up
All patients received a regular examination after surgery, every 3-6 months for the first 2 years, every 6 months for the next 3 years, and annually after that. At each follow-up, a complete history, physical examination, laboratory tests, including serum CEA levels, and abdominopelvic CT were performed. A chest X-ray or chest CT was performed alternatively every 6 months.
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Colonoscopy or sigmoidoscopy was alternatively performed every 6 months for 2 years after surgery, and annually for the next 3 years.
During and after the treatment, acute and late toxicities were scored according to common terminology criteria for adverse events version 4.0. Acute toxicities were defined as those that occurred up to 90 days from surgery, and late toxicities were defined as those that occurred after 90 days.
Pathologic examination
Pathologic stage was determined using the TNM classification system, as recommended by the American joint committee on cancer (AJCC), 7th edition. Evaluation of the tumor response to PCRT in the surgical specimen was performed using the tumor regression grading system by Dworak et al. [19] . Briefly, the tumor response was graded as follows: 1) tumor regression grade (TRG) 4, no vital tumor cells were detectable; 2) TRG 3, only scattered tumor cells in the space of fibrosis with/ without acellular mucin; 3) TRG 2, predominantly fibrosis with scattered tumor cells; 4) TRG 1, predominantly a tumor with significant fibrosis and/or vasculopathy; and 5) TRG 0, no regression.
Statistical analysis
Continuous variables are presented as mean or median (range) values. Local recurrence-free survival (LRFS), diseasefree survival (DFS) and overall survival (OS) were calculated from the date of the start of treatment to the date of death, recurrence, or the last follow-up using the Kaplan-Meier method. Statistical significance was accepted at the p < 0.05 level. All statistical analyzes were performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).
Results
Patient population and tumor characteristics
We r e v i e w e d 3 4 p a t i e n t s a c c o r d i n g t o s e x , a g e , clinicopathological characteristics of the tumor, the variables for treatment, tumor recurrence, and survival. The patient characteristics are summarized in Table 1 . The mean age was 63.6 years (range, 36.0 to 83.0 years) and 16 patients (47.1%) were male. The median distance from the anal verge was 3.0 cm (range, 0-7.0 cm). In pretreatment MRI, lymph nodes of greater than 10 mm or 5 mm with suggestive features (heterogeneous signal intensity, and irregular border) were regarded as metastasis. All patients in our study did not have lymph node metastasis in the pretreatment study.
After PCRT, all patients had TUS and 33 had MRI for restaging. The clinical and pathological response to PCRT is presented in Table 2 . Twenty-eight patients (82.4%) underwent TAE, and the others underwent TAMIS. There were 19 patients (55.9%) that had ypT0 tumors, and 12 (35.3%) had ypT1 or ypTis tumors. The diagnostic accuracy of MRI and TUS for predicting pathologic complete response (pCR) were calculated. The sensitivity and specificity of MRI were 68.4% and 35.7%. Those of TUS were 73.7% and 40.0%. The receiver operating characteristic (ROC) curves of TUS and MRI for pathologic response are presented in Fig. 1. 
Survival and recurrence
The median follow-up duration was 49 months (range, 20 to 121 months). The predicted 3-year and 5-year LRFS were 100.0% and 94.7%. The 3-year DFS and OS were 97.1% and 100.0% (Fig. 2) .
Two patients experienced a recurrence during the followup period. The summary of the patients who experienced a recurrence is presented in Table 3 . Both patients had residual disease after PCRT. One patient developed left internal iliac lymph node recurrence at 40 months from LE. The CT images before, after treatment, and after recurrence are presented in Fig. 3 . Although he received a salvage lymph node dissection, he developed multiple retroperitoneal lymph node metastases at the serial follow-up. He is now receiving chemotherapy. The other patient developed liver metastasis at 14 months from the LE. After a partial hepatectomy, he is followed-up without evidence of recurrence for 10 months.
There was no significant difference in the recurrence according to sex, age, tumor differentiation, or adjuvant chemotherapy. Although there was no recurrence among the patients with a pCR, LRFS, DFS and OS between pCR and nonpCR patients were not significantly different (Fig. 4) .
Complications during and after treatment
During PCRT, five severe (G3 or more) complications were observed. Four patients had neutropenia and 1 patient had radiation induced dermatitis, and all patients recovered after PCRT.
For postoperative morbidity, 1 patient had a perianal fistula about a month after LE and received an incision and drainage operation. Other minor complications occurred in 2 patients (5.9%), including G2 bleeding at the LE site. These two patients were treated with conservative management. There was no During the follow-up, 1 patient received a bowel resection and anastomosis because of an enterovesical fistula after 45 months from LE. Except for this grade 4 toxicity, all other late complications were mild (G2 or less) and well controlled with conservative treatment.
Discussion and Conclusion
Successful treatment of cancer has resulted in increased demands for the quality of life (QOL) of survivors. After the introduction of TME, local control and survival rates of rectal cancer have markedly improved. However, TME is associated with a decreased QOL [20] . Especially for the patients with distal rectal cancer, abdominoperineal resection (APR) is often needed, which results in a permanent colostomy.
Because there is concern regarding the deterioration of local control, LE has been used only in early rectal cancer [3, 4] . However, with the advent of preoperative therapy, some patients could be cured or almost cured of cancer before TME. Therefore, there are many questions regarding whether TME is still required in these good responders to PCRT, and LE was suggested as an alternative treatment option.
The results of the present study suggest that we could use LE instead of TME in the selected clinical T2N0 rectal cancer patients. Local recurrence, disease-free survival, and OS were good, and only 2 of 34 patients developed recurrence during the follow-up period.
Previous studies reported similar results. Yu et al. [15] demonstrated good disease control and safety of the clinical T2-3N0M0 rectal cancer patients who underwent PCRT and LE. After a median follow-up of 38 months, 3-year DFS was 85.9%. Noh et al. [17] also reported a 82% of 5-year DFS rate after PCRT and LE in clinical T2 distal rectal cancer, and suggested LE as a feasible alternative to radical surgery.
For the patients in the present study, the standard approach would be a low anterior resection (LAR) or APR. However, it is reported that about 25% to 50% patients presented with LAR syndrome, such as incontinence and soiling after LAR [21, 22] . In addition, more than half of them experienced a major adverse impact on QOL [20] . Compared to these results, all observed bowel function problems in present study were mild and self-limiting. No patients complained of other late complications known to be associated with TME (e.g., sexual and urinary dysfunction). Furthermore, all patients in the present study exhibited preserved sphincter function throughout the follow-up period.
However, a selection of the appropriate patients for LE is a difficult matter. Because LE alone adversely affected a local control in cT2N0 patients [23] , LE should be used in the good responders to PCRT. However, it is difficult to select good responders before the resection of the tumor. To date, none of the non-invasive diagnostic tools is reliable. Neither positron emission tomography (PET), MR, or TUS are sufficient for assessing the response after PCRT. Previous meta-analysis and single center studies demonstrated that the sensitivity of MRI restaging for complete response was 5% to 15%, and the sensitivity of TUS restaging was 35% to 37% [24] [25] [26] [27] . Similarly, in the present study, both MRI and TUS could not predict a complete response sufficiently. Thus, after the excision, we could elucidate the exact response and decide the course of further treatment.
Because LE leaves most of the mesorectum and all pelvic lymph nodes are unresected, a possible residual disease in these areas is always a problem in using LE. Although all patients in our study did not have lymph node metastasis in pretreatment MRI, the accuracy of MRI in predicting lymph node metastasis is insufficient [28] . Park et al. [29] reported that small lymph nodes (<3 mm) were not detectable in MRI, and 15% of the lymph nodes contained metastasis in the node-by-node analysis between pretreatment MRI and surgical specimen.
Several studies reported that final pathological T stage was highly correlated with pathological N stage, and it can be used as a predictor of the residual metastatic lymph node [30, 31] . In the preliminary result of GRECCAR 2 trial [32] , good pathologic responders (pathological T0 or T1) showed very low rates of lymph node metastasis compared to bad responders (0% vs. 15.0%, respectively). Therefore, the pathological response after LE could also reflect the risk of residual disease in regional nodal areas. LE could be used as both a treatment, as well as a diagnostic tool to select the patients with a good response.
The patients presenting with a poor pathological response after LE should receive further treatment, such as TME. Because a standard treatment in clinical T2N0 rectal cancer is TME alone, these poor responders could receive unintended overtreatment, PCRT and TME. Therefore, clinicians should confer with the patients sufficiently before starting the treatment.
However, there is no consensus regarding the selection of poor responders following the PCRT. There were different selection criteria, such as pathological T2, pathological T3 stage, or a resection margin invasion in several studies [13, 14, 33] .
In ACOSOG Z6041 prospective phase II trial [13] , which reported survival and local control in cT2N0 rectal cancer, the patients with an ypT3 tumor or resection margin involvement were recommended to have TME within 6 months. Of the three ypT3 patients, the one who refused additional surgery developed pelvic recurrence. However, the pelvic recurrence rate of ypT2 patients (1/24) was not higher than the ypT1 (1/11) and ypT0/Tis (1/38) patients.
In Polish LE trial [14] , which reported the oncologic outcome in cT1N0 to borderline cT2/T3N0 rectal cancer patients, good responders were defined as pCR or pT1 without unfavorable factors. For the poor responders, immediate conversion to radical surgery was recommended. During the follow-up period, local recurrence was detected in 5 of 63 (7.9%) of the good responders, and 8 of 18 (44.4%) of the poor responders who did not undergo immediate conversion. In the present study, the only patient who developed pelvic recurrence was ypT2 (1/3, 33.3%), and none of ypT0/T1 patients recurred in the pelvis. Because of the small sample size of the study, further investigation is required regarding the oncological safety of LE in ypT2 and ypT3 patients.
Although there are few reports about the recurrence pattern following PCRT and LE, we think a thorough surveillance of the residual rectum and immediate salvage treatment is important in the patients who received LE. Therefore, in our institution, comparing to the patients who received radical resection, more frequent sigmoidoscopy or colonoscopy is conducted owing to the concern about local recurrence. However, in the present study, no patients exhibited a recurrence in the rectal wall. In contrast, in a Polish trial [14] , all of the local recurrences occurred in the rectal wall with or without the mesorectum. Approximately 50% of these recurrences were successfully salvaged after APR. Because of this discrepancy in small series, further investigation in a study with a large cohort is required for the pattern of recurrence, surveillance and salvage treatment.
Our study has several limitations. First, because of its retrospective nature, our study has a patient selection bias. Because our clinicians might perform LE in patients with a good response in the evaluation following PCRT, 19 patients (55.9%) in the present study had pCR. This is fairly high comparing to the patients who received TME in the same period in our institution. 15 of 37 patients (40.5%) were pCR after PCRT and TME. Prospective trials also reported the proportion of pCR as approximately 41%-49% in cT2N0 patients [13, 14] . Therefore, our study could not represent all clinical T2N0 patients, and our results should be limited to good responders. Second, the follow-up period of our study was short. Although most recurrence is known to occur within the first 2 years in rectal cancer, preoperative treatment might delay the development of recurrences [34] . Therefore, more patients in the present study could develop a recurrence in the future.
In conclusion, despite several limitations, our results suggest that LE might be an alternative to TME in clinical T2N0 distal rectal cancer patients with good response following PCRT.
